The avi2 gene encoding Avi2, which is a major cellulase produced by Humicola insolens FERM BP-5977, was cloned and sequenced. Avi2 showed high homology with other family 6 cellulases. The expression vector pNCE4 containing the avi2 gene was constructed, and this strain was transformed using a protoplast method. As a result, the pNCE4 transformant secreted 8-fold more Avi2 than the recipient strain.
Among the thermophilicˆlamentous fungi, the genus Humicola has been known to produce some kinds of thermostable cellulases. 1) Recently, the cellulase genes have been cloned, sequenced, and expressed in Aspergillus oryzae.
2) However, in Humicola, a transformation system using protoplasts, which was generally used inˆlamentous fungi, has not been reported. Thus, in this report, we tried to construct a host-vector system for Humicola insolens, and cloned the avi2 gene and used it for transformation and overexpressed it.
H. insolens FERM BP-5977, which is an industrial cellulase producing strain, was used for cellulase production and preparation of total DNA and mRNA. For cellulase production, this strain was cultured in N medium (5z Avicel, 2z yeast extract, 0.1z polypeptone, 0.03z CaCl2･2H2O, 0.03z MgSO 4 ･7H 2 O, pH 6.8) at 379 C for 5 days. From the culture supernatant, one of the major cellulases, Avi2, was puriˆed (Fig. 1A, lane 8) , by 3 steps of column chromatographies using Avicelase activity 1) and SDS-PAGE as the index. Since the N-terminal amino acid (aa) sequence of pyrENXAPTW (pyrE and X denote pyroglutamic acid and unidentiˆed residues, respectively) was novel, we tried to clone the avi2 gene.
Using the information of internal aa sequences (V8-2: WANNYY, V8-3: FIVDQG), oligonucleotide primers containing V8-2U: 5?-TGGGCNAAYAAY-TAYTA-3? and V8-3L: 5?-CCYTGRTCNACDATR-AA-3? were designed. As a result of PCR using genomic DNA, an 0.8-kbp fragment was speciˆcally ampliˆed and this fragment was used as the probe. The genomic DNA and cDNA libraries were constructed and screened following the method described by Watanabe et al.
3) with a minor modiˆca-tion. By the genomic library screening, the avi2 gene, which is located in the 3.7-kbp PstI-XbaI fragment, was cloned, and the nucleotide sequence of the region shown in Fig. 2A (about 2.6 kbp) was analyzed. The cDNA of avi2 was also obtained as an 1.8-kbp fragment and the nucleotide sequence was analyzed.
The cDNA of avi2 contained an ORF encoding 476 amino acid residues. Residues 24 to 30 of the deduced aa sequence of Avi2 coincided with the N-terminal aa sequence of the puriˆed Avi2. Thus, residues 1 to 23 are considered to be signal peptide (Fig. 2B) . A homology search (BLAST) of the deduced aa sequence of Avi2 was done, and the results revealed that Avi2 consisted of a catalytic domain, a linker domain, and a cellulose-binding domain (CBD) (Fig. 2B ). The CBD of Avi2 (residues 24 to 61) showed high similarity with the fungal CBDs belonging to family I. The catalytic domain of Avi2 (residues 117 to 476) was very similar to the core domain of CBH II (97.2z) of H. insolens 4) and CBH II (64.9z) of Trichoderma reesei.
5) These cellulases belong to glycosyl hydrolase family 6.
The result of the comparison between genomic DNA and cDNA of the avi2 gene showed that the genomic DNA had four introns and cDNA had a poly(A) tail at ＋256 bp from the stop codon. In addition to the coding region, the 3.7-kbp PstI-XbaI fragment contains the upstream and downstream regions. In these regions, some kinds of motif sequences were observed [6] [7] [8] (Fig. 2A) . In order to demonstrate that this fragment includes the promoter and terminator regions, we tried to re-introduce the avi2 gene into H. insolens FERM BP-5977. The transformation vector pNCE4 is shown in Fig. 2C . Transformation of H. insolens using protoplasts was done following the method for Aspergillus 9) with some modiˆcations. Protoplasts were prepared from mycelia of H. insolens FERM BP-5977 cultured in 30 ml of S medium (3z glucose, 2z yeast extract, 0.1z polypeptone, 0.03z CaCl2･2H2O, 0.03z MgSO4･7H2O, pH 6.8) at 379 C for 24 h. Mycelia were washed and suspended in 0.5 M sucrose containing 3 mg W ml of b-glucuronidase (Sigma), 1 mg W ml of chitinase (Sigma) and 1 mg W ml of zymolyase 20T (Seikagaku Corporation). After incubation of the suspension at 309 C for 90 min with gentle shaking, protoplasts were obtained. The resultant protoplasts were washed with SUTC buŠer (0.5 M sucrose, 10 mM CaCl 2 , 10 mM Tris-HCl, pH 7.5), and resuspended in 100 ml of SUTC buŠer. Protoplasts were incubated with 10 mg of DNA (pNCE4) on ice for 5 min. Then, the protoplasts were mixed with 400 ml of PEG solution (60z PEG4000, 10 mM CaCl2, 10 mM TrisHCl, pH 7.5). After the suspension was incubated on ice for 20 min, the protoplasts were washed with SUTC buŠer, and these were plated on YMGR medium (1z glucose, 0.4z yeast extract, 0.2z malt extract, 17.8z ra‹nose, 0.2z MgSO4･7H2O, 1z agar, pH 6.8) containing bialaphos (200 mg W ml), on which the same medium containing 0.6z agar was layered. After this plate was cultured at 379 C for 5 days, 61 transformants resistant to bialaphos were obtained.
The pNCE4 transformants were cultured in N medium for 5 days, and their culture supernatants were separated by SDS-PAGE and analyzed by densitometry. Several pNCE4 transformants overexpressed more Avi2 than the recipient strain, and the strain TF41 secreted 8-fold more Avi2 compared to the recipient strain (Fig. 1A, lane 5) . The ratio of Avi2 in the strain TF41 accounted for 80z of the total secreted protein. Further, when Avicelase activities of these transformants were analyzed, they were higher than the recipient strain (Table 1) . However, the increase of Avicelase activity was lower than that of Avi2 secretion. To conˆrm that the recombinant Avi2 is active, it was puriˆed from the strain TF41. As a result, the relative Avicelase activity of the puried Avi2 from the strain TF41 (0.18 U W mg) was the same as that from the recipient strain (0.18 U W mg). Therefore, we concluded that Avi2 was expressed as an active enzyme. In the strain TF41, although Avi2 was overexpressed, the other cellulase decreased (Fig. 1A, lane 5) . Thus, it is considered that the decrease of synergistic eŠects would be the reason why the increase of activity was lower than expected.
To conˆrm the integration of the introduced DNA into the pNCE4 transformant, Southern blot analysis was done. In the recipient strain and the pDHBAR 3) transformant, one hybridized band (8 kbp) was observed as the native avi2 gene. On the other hand, in all of the pNCE4 transformants, one plasmid size band (3.7 kbp) and some speciˆc bands were found in addition to the native band (Fig. 1B) . This result showed the integration of the avi2 gene, and that it caused Avi2 overproduction in pNCE4 transformants. (A) The structure of the avi2 gene. The avi2 gene, which is located in the 3.7-kbp PstI-XbaI fragment, was cloned on pUC18, and the nucleotide sequence of the region denoted by the arrow line was analyzed. The CAAT motif 6) (CAAT) was found at -553 bp from the initiation codon. The CreA binding consensus sequence 7) (CreA-BS) was found at -98 bp and -150 bp. The e‹ciency element sequence 8) (TATATA) was found at ＋233 bp from the stop codon. (B) The structure of Avi2. Avi2 consists of four domains, SP (signal peptide), CBD (cellulose-binding domain), LD (linker domain), and CD (catalytic domain). (C) The structure of the transformation vector pNCE4. From pDHBAR, 3) a 2.5-kbp EcoRI-XbaI fragment was cut out as a bialaphos selection marker, and ligated with the EcoRI-PvuII sites of pBR322 using linker. And then the avi2 gene which is located in the 3.7-kbp XbaI fragment, was inserted into the XbaI site to construct plasmid pNCE4. PtrpC, the Aspergillus nidulans trpC promoter region: TtrpC, the Aspergillus nidulans trpC terminator region: bar, the Streptomyces hygroscopicus bialaphos resistance gene.
Using this method, we obtained the Avi2 overexpressing transformant which produced 8-fold Avi2 compared to the recipient strain. Theseˆndings show that construction of a high protein expression system using the promoter and the terminator regions of the avi2 gene in H. insolens FERM BP-5977 is practicable. 1) was assayed at 509 C, 30 min, pH 5.5. One unit of Avicelase activity was deˆned as the ability to produce reducing sugars equivalent to 1 mmole of glucose per minute. ** pDHBAR 3) containing a bialaphos selection marker was used as a control plasmid.
